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Group A Streptococcus (GAS) pharyngitis is a very common condition causing significant morbidity in children. Accurate diag-

nosis followed by appropriate antimicrobial therapy is reccommended to prevent postinfectious sequelae. Diagnosis of GAS phar-
yngitis by a rapid antigen detection test (RADT) or culture in the absence of discriminating clinical findings remains challenging.
Validation of new sensitive rapid diagnostic tests is therefore a priority. The performance of a loop-mediated isothermal amplifi-

cation (LAMP) assay (illumigene assay) for the diagnosis of GAS pharyngitis was compared with that of a RADT and standard
culture in 361 pediatric throat swab samples. Discrepant results were resolved using an alternate molecular assay. Test results
were correlated with clinical presentations in patients positive by either method. The closest estimate of the true prevalence of
GAS pharyngitis was 19.7% (71/361 samples). The illumigene assay alone detected 70/71 GAS-positive samples; RADT and cul-
ture detected 35/71 and 55/71 samples, respectively. RADT followed by culture confirmation of RADT-negative specimens de-
tected 58/71 cases. The illumigene assay increased identification among children eligible for testing by American College of Phy-
sicians (ACP)/American Academy of Family Physicians (AAFP) criteria from 31 to 39 positive cases, five of which were false
positives. Analysis of clinical data in GAS-positive patients indicated that a significantly greater proportion of children with
Mclsaac scores of =4 tested positive by the illumigene assay versus RADT and culture. Overall, the illumigene assay was much
more sensitive and was similarly specific for GAS detection, compared to culture alone, RADT alone, or the ACP/AAFP RADT/
culture algorithm. Combining high sensitivity with rapidly available results, the illumigene GAS assay is an appropriate alterna-
tive to culture for the laboratory diagnosis of GAS pharyngitis in patients for whom testing is clinically indicated.

G roup A Streptococcus (GAS) is a commonly encountered
pathogen that causes a broad spectrum of diseases. Clinical
features of GAS pharyngitis are indistinguishable from pharyngi-
tis caused by other pathogens. Palatal petechiae and scarlatiniform
rash, although highly specific, are rare (1). Early diagnosis and
treatment are recommended to prevent suppurative and nonsup-
purative postinfectious sequelae, such as peritonsillar abscesses,
lymphadenitis, acute rheumatic fever (ARF), and poststreptococ-
cal glomerulonephritis (2, 3). Current guidelines by the Infectious
Diseases Society of America (IDSA) (3), the American Academy of
Pediatrics (AAP) (4), and the American Heart Association (AHA)
(5) recommend confirmation of GAS pharyngitis in children with
arapid antigen detection test (RADT), with follow-up cultures in
RADT-negative cases (3, 5). The current IDSA guidance specifies
that a throat culture should be performed for children with nega-
tive RADT results and treatment is indicated when the results of
either test are positive. Clinical scoring systems, namely, Centor
and Mclsaac scores, integrate signs and symptoms to diagnose
GAS pharyngitis (6, 7). Additionally, the McIsaac scoring system
considers children 3 to 14 years of age to be at higher risk (8, 9).
While the latest AAP guidelines recommend additional clinical
findings to assist clinicians in determining when testing for GAS
pharyngitis is indicated for children, the use of clinical scores re-
mains a recommendation by the American College of Physicians
(ACP) (7).

The microbiological gold standard for the diagnosis of GAS
pharyngitis is culturing of pharyngeal swab specimens to
screen for beta-hemolytic colonies. Although the sensitivity of
cultures has been reported to be 90% to 95%, multiple variables
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can affect the yield, including specimen integrity, culture
methods, and prior antibiotic use (10-12). In addition, culture
can take up to 48 h, delaying appropriate antimicrobial treat-
ment (13). Rapid diagnosis of GAS pharyngitis is provided by
RADT. Although this technique is highly specific, its sensitivity
is as low as 31 to 50% (11), prompting the need for back-up
cultures (3, 5). Molecular methods may offer alternatives to
improve speed and accuracy in the diagnosis of GAS pharyngi-
tis and have been shown to have superior sensitivity and spec-
ificity (14-16). Herein, we present the performance of the illu-
migene group A Streptococcus assay, a molecular assay for the
diagnosis of GAS pharyngitis, in comparison with a RADT and a
standard culture method, and we correlate the findings with clin-
ical presentations in a pediatric cohort.

(Some of the study data were presented in poster format at the
113th General Meeting of the American Society for Microbiology,
Denver, CO, 18 to 21 May 2013.)
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TABLE 1 Performance of RADT and illumigene group A Streptococcus assay versus routine culture
Performance result (95% CI) (%)

No. of cases”

Assay TP Fp N FN Sensitivity Specificity PPV NPV
RADT 32 3t 300 26° 55.2 (42.5-67.3) 99.1 (96.9-99.8) 91.4 (76.9-97.8) 92.0 (87.2-95.2)
illumigene 54 264 277 4 93.1 (83.1-97.8) 91.4 (87.7-94.1) 67.5 (56.6-76.8) 98.5 (95.1-99.9)

@ TP, true positive; FP, false positive; TN, true negative; FN, false negative; PPV, positive predictive value; NPV, negative predictive value.

b All 3 cases were resolved by the illumigene assay and PCR as true positive.

¢ Three of 26 cases were resolved by culture as true negative, and 23/26 cases were confirmed by the illumigene assay as false negative.

9 Ten of 26 cases were confirmed by PCR as false positive, 13/26 cases were resolved by PCR as true positive, and 3/26 cases were resolved by RADT as true positive.
¢ One of 4 cases was confirmed by PCR as false negative, and 3/4 cases were resolved by culture review as true negative.

MATERIALS AND METHODS

Study design. Two throat swab specimens each were collected from 361
pediatric patients who presented to the emergency department (ED) at
Children’s Hospital Los Angeles (CHLA) in December 2012 through
March 2013. Throat specimens, which were collected using the Culture-
Swab collection and transport system (Becton Dickinson, Sparks, MD),
were obtained at the physician’s discretion by a registered pediatric nurse.
According to institutional policy, throat swabs are ordered for children
presenting with McIsaac scores of =2. For the purposes of this study, all
throat swabs collected in the ED during the study period were included;
therefore, patients who did not fulfill the criterion of a McIsaac score of
=2 and who presented with fever of unknown origin, upper respiratory
tract symptoms, or subjective complaints of throat pain or discomfort on
swallowing were also included. This strategy permitted comparison of test
performance over several grades of disease severity and with presumed
carrier status. Clinical scores and presentations of the patients included
are detailed in Results. One swab was used for the OSOM Ultra Strep A
RADT (Sekisui Diagnostics, Lexington, MA) and the second swab for
routine culture and the illumigene GAS assay. All diagnostic tests were
performed for each sample, and test performance results were compared
between tests. Discrepant tests were additionally tested by PCR, as de-
scribed below. The study was approved by the CHLA institutional review
board.

Conventional diagnostic workup. For RADT, the OSOM Ultra Strep
A assay was performed according to the manufacturer’s protocol. A cul-
ture was set up with the second swab by inoculating a 5% sheep blood agar
plate (BAP) and incubating the plate at 35°C to 37°C in ambient air for 24
to 48 h. BAPs were examined at 24 and 48 h for beta-hemolytic colonies.
GAS was confirmed by the presence of Gram-positive cocci in chains with
Gram staining, nonreactive catalase findings, and the presence of GAS
antigen in the latex agglutination test (PathoDx strep grouping Kkit;
Thermo Fisher Scientific, Waltham, MA). Culture plates growing GAS
colonies were quantified as follows: few, growth in the first quadrant;
moderate, growth in the second quadrant; many, growth in the third or
fourth quadrant.

illumigene group A Streptococcus assay. After inoculation of the
BAP, the swab was used to perform the illumigene GAS assay, according to
the manufacturer’s protocol. Briefly, swab tips were broken into the sam-
ple preparation tubes, the tube contents were vortex-mixed for 10 s, and
10 drops of specimen were transferred to a heat treatment tube. The tube
was incubated at 95°C for 10 min, and 50 pl of lysate was transferred to the
test and control chambers. The test device was inserted into the #llu-
mipro-10 incubator/reader for loop-mediated isothermal amplification
(LAMP), targeting the highly conserved 206-bp sequence of the Strepto-
coccus pyogenes pyrogenic exotoxin (speB) gene. Within 40 min, amplified
product was detected as the presence of turbidity, due to precipitated
magnesium pyrophosphate.

Performance and discrepancy analysis. The remnant heat treatment
tubes were stored at —80°C, to allow laboratory-developed real-time
(RT)-PCR assay of samples with discrepant results. The method em-
ployed TagMan primers and probes directed against a different region of
the speB gene than the illumigene GAS assay (forward primer, 5'-TGTCA
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GTGTCAACTAACCGTGT-3'; reverse primer, 5'-CGGCAAATACTGG
GTTAGCAAG-3'; probe, 5'-FAM-AGTAAGGAGGTGTGTCCAATGTA
CCGT-36-TAMSp-3'). RT-PCR was performed on a Rotor-Gene RT-
PCR cycler (Qiagen, Germantown, MD) at 95°C for 10 min, followed by
60 cycles of 95°C for 15 s and 57°C for 60 s, with final extension at 72°C for
5 min. Cultures were also reassessed in cases with discrepancies, and iden-
tification of GAS was confirmed by repeat latex agglutination testing and
the pyrrolidonyl arylamidase (PYR) test (Hardy Diagnostics, Santa
Maria, CA).

Medical chart reviews. Clinical and laboratory data were collected
retrospectively, by an investigator blinded to test outcomes, for all pa-
tients who tested positive for GAS by at least one diagnostic test. Variables
collected included age, date of diagnosis, and clinical criteria, i.e., (i) fever
(defined as a documented temperature of =38°C), (ii) absence of cough
and rhinorrhea, (iii) presence of tonsillar exudate, and (iv) presence of
swollen and/or tender anterior cervical lymph nodes. Centor and MclIsaac
scores were calculated (9, 17). Patients less than 3 years of age were ex-
cluded from analyses of the clinical scores, as neither scoring system has
been validated for this age group.

Statistical analysis. Comparisons between two groups were per-
formed using the ¢ test if data were normally distributed and the Mann-
Whitney test if they were not. The sample size of 361 was dictated by the
number of patients satisfying the eligibility criteria during the study pe-
riod; however, the study was sufficiently large to yield precise estimates of
the overall concordance rate, with a standard error of 0.026 at most.
Quantitative variables were expressed as mean and standard deviation
(SD) if data were normally distributed and as median and interquartile
range if they were not. Tests of association between categorical variables were
based on the chi-square and Fisher’s exact tests. For differences between
paired proportions for the individual diagnostic tests, the McNemar test was
used. Sensitivity, specificity, and predictive values were calculated using cul-
ture results or the best estimate of true GAS status as diagnostic gold stan-
dards, as indicated. Statistical computations were performed using SPSS 12.0
(SPSS Inc., Chicago, IL).

RESULTS
Evaluation of group A Streptococcus detection methods. When
the RADT was compared with culture, 300/361 patients (83.1%)
tested negative and 32/361 (8.9%) positive by both methods. An
additional 26/361 patients (7.2%) tested positive by culture and 3
patients by RADT alone. This resulted in a sensitivity of 55.2%
(95% confidence interval [CI], 42.5% to 67.3%) and a specificity
0f99.1% (95% CI, 96.9% to 99.8%) for RADT (Table 1).
Alternatively, when routine culture was compared with the
illumigene GAS assay, both methods detected 54 positive cases
(15.0%). The illumigene GAS assay detected an additional 26 pos-
itive cases (7.2%) but missed 4 GAS cases detected by culture, 3 of
which were also negative by RADT (Table 1). The sensitivity and
specificity were 93.1% (95% CI, 83.1% to 97.8%) and 91.4% (95%
CI, 87.7% to 94.1%), respectively, and the overall prevalence rate
based on the illumigene assay results was 22.2% (80/361 samples).
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TABLE 2 Agreement of RADT, culture, and illumigene group A Streptococcus assay results

No. with second test result

Original test and second of Agreement (95% CI) (%)
assay result Negative Positive Positive Negative Overall P?
RADT
Culture negative 300 3 55.2 (42.5-67.3) 99.1 (96.9-99.8) 91.9 (88.7-94.4) <0.001
Culture positive 26 32
illumigene assay
Culture negative 277 26 93.1 (83.1-97.8) 91.4 (87.7-94.1) 91.7 (88.4-94.2) <<0.001
Culture positive 4 54
RADT negative 280 46 97.1 (84.2-99.9) 85.9 (81.7-89.3) 86.9 (83.1-90.1) <0.001
RADT positive 1 34

“ McNemar test.

The concordance of test results for the 361 samples is summarized
in Table 2.

GAS colonies were quantified in 55/58 culture-positive speci-
mens (94.8%). Positive RADT results were significantly associated
with higher colony counts (P < 0.001). Fourteen culture-positive
cases (25%) with moderate or many colonies had negative RADT
results (P < 0.001). Positive illumigene assay results were not as-
sociated with higher colony counts (P = 0.47), and the one false-
negative case had a moderate colony count.

Discrepancy analysis. Among 30 cases with discrepancies be-
tween illumigene GAS assay and culture results, the illumigene
GAS assay detected 26 additional GAS-positive specimens, com-
pared with culture (Table 3). Three of 26 specimens were also
RADT positive and were considered true-positive specimens. The
BAPs were reviewed for the 4 illumigene GAS assay-negative, cul-
ture-positive specimens; 3 BAPs revealed beta-hemolytic colonies
that were mistakenly identified as GAS by routine methods, and
the fourth BAP was confirmed to grow GAS colonies. Therefore,
PCR assays were performed for 24 specimens with discrepant re-
sults, including 23 illumigene GAS assay-positive, culture-nega-
tive specimens and one illumigene GAS assay-negative, culture-
positive specimen. Fourteen (58%) of 24 specimens were
confirmed to be GAS positive and 10 were confirmed to be GAS
negative by PCR.

Following discrepancy analysis, the adjusted sensitivity and
specificity for the illumigene GAS assay were 98.6% (95% CI,
91.7% to 99.9%) and 96.5% (95% CI, 93.6% to 98.2%), respec-
tively. The positive predictive value was 87.5% (95% CI, 78.3% to

TABLE 3 Discrepancy analysis of illumigene GAS assay results

93.3%), and the negative predictive value was 99.6% (95% ClI,
97.8% t0 99.9%). After resolution of discrepancies, the final GAS
pharyngitis prevalence rates in the entire cohort using RADT, cul-
ture, and illumigene GAS assay were 9.7% (35/361 patients),
15.2% (55/361 patients), and 19.7% (71/361 patients), respec-
tively. Thus, the best estimate of true prevalence in our patient
population was 19.7% (Tables 2 and 3).

Correlation with clinical presentations. (i) Age distribution.
Ages were normally distributed, with a mean age of 7.4 years (SD,
4.2 years) and an age range of 2 months to 18 years. Sixty-six of 361
children were =3 years of age. When cases positive by culture were
compared with those positive by RADT (P = 0.92) or illumigene
GAS assay (P = 0.60), the mean ages did not differ between the
groups.

(ii) Characterization of clinical scores for patients with pos-
itive GAS results. Clinical data were available for 75/81 patients
(94%) who tested positive by at least one diagnostic test. Six of 75
children were =3 years of age and were analyzed separately; 2/6
tested positive by all three methods and 3/6 by culture and illumi-
gene GAS assay only. One patient tested positive by illumigene
GAS assay alone, which was confirmed by PCR. Therefore, all
children =3 years of age had true-positive test results for GAS,
resulting in a rate of 9% (6/66 patients) in this age group. Four of
6 patients presented with fever, lymphadenopathy, and exudates;
all six patients had an absence of cough. The average age of the
remaining 69 patients included in clinical score analysis was 8.4
years (SD, 3.5 years), with ages ranging from 4 to 18 years. Five of
69 patients were 15 years of age or older.

illumigene GAS Status using ACP Reference GAS No. of cases
Culture result RADT result assay result PCR result criteria status (%)
Positive Positive Positive Positive True positive 31 (8.6)
Positive Positive Negative Positive Positive True positive 1(0.3)
Positive Negative Positive Positive True positive 23 (6.4)
Positive Negative Negative Positive True negative® 3(0.8)
Negative Positive Positive Positive True positivel’ 3(0.8)
Negative Positive Negative Positive True negative 0(0.0)
Negative Negative Positive Positive Negative True positive 13 (3.6)
Negative Negative Positive Negative Negative True negative 10 (2.8)
Negative Negative Negative Negative True negative 277 (76.7)

“ Review of BAPs revealed colonies of beta-hemolytic streptococci other than GAS.
b Based on positive RADT results.
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TABLE 4 GAS-positive cases according to diagnostic method and McIsaac score”

No. (%) with Mclsaac score of:

Test result 1(n=238) 2(n=13) 3 (n=27) =4 (n=21) Total no. pb

Culture positive 4 (50) 10 (77) 18 (67) 14 (75) 46 0.68
RADT positive 3 (38) 4(31) 14 (52) 9 (43) 30 0.64
illumigene assay, all positive 8 (100) 13 (100) 26 (96) 21 (100) 68 0.80
Confirmed true positive 6 (75) 11 (85) 23 (89) 19 (91) 59 0.63
Confirmed false positive 2 (25) 2 (15) 3(11) 2 (10) 9 0.62

“n=69.
b Fisher’s exact test for 2 X r tables.

Positive results with either test method were associated with
higher clinical scores (Tables 4 and 5). Forty-nine (71%) of 69
patients were febrile, 27/69 patients (39%) had tonsillar exudates,
22/69 patients (32%) had cervical lymphadenopathy, and 48/69
patients (70%) had absence of cough or other viral symptoms.
None of these clinical characteristics was associated with GAS-
positive status by any method (data not shown).

Of the 20 patients included in the chart analysis who tested
illumigene GAS assay positive but culture and/or RADT negative,
only one was <3 years of age. Seven of 20 patients had Mclsaac
scores of 4 or 5, 9/20 patients had scores of 2 or 3, and 4 patients
had scores of 1. Confirmatory PCR assay results were negative for
2/7 patients scoring 4 or over, for 5/9 patients scoring 2 or 3, and
for 2/4 patients scoring 1. Symptom severity by Mclsaac scores did
not differ significantly between patients positive by illumigene
GAS assay only and those positive by more than one modality
(P=0.11).

Treatment and diagnostic implications among patients for
whom clinical information was retrieved. Applying the ACP/
American Academy of Family Physicians (AAFP) strategy (18) to
patients >3 years of age, empirical therapy without testing would
have been indicated for 21/69 patients based on Mclsaac scores. Of
these 21 samples, all were positive by the illumigene GAS assay,
including two samples identified as false-positive specimens by
PCR (Table 4). Only 9/21 samples were RADT and culture posi-
tive, and an additional 5 were culture positive only. Assuming that
GAS was causative of the symptoms, the illumigene GAS assay
increased the yield in this subgroup from 14/21 to 19/21 true-
positive cases, at the expense of identifying 2 false-positive cases.
Culture-positive cases yielded colony quantitation of many in 10
cases and moderate in 4 cases.

Of the 8 children with Mclsaac scores of 1, indicating a low
likelihood of GAS pharyngitis (Table 4), none had fever, lymph-
adenopathy, or tonsillar exudate, and 6/8 had rhinorrhea and
cough; 3/8 cases were RADT and culture positive, and one addi-
tional case was culture positive only. All 8/8 samples were illumi-

gene GAS assay positive, and 4/8 results were confirmed by PCR.
The 3 cases that were positive with all three methods grew mod-
erate or many colonies on BAPs, and the one RADT-negative,
culture-positive case grew only a few colonies. Of the remaining
patients, 40 had Mclsaac scores of 2 or 3; 18/40 cases were RADT
positive, and another 13 were identified by follow-up culture of
RADT-negative specimens. The illumigene GAS assay results were
positive in 39/40 cases. Of these, PCR testing identified five as
false-positive cases and one as a false-negative case. The false-
negative specimen was RADT and culture positive, with a moder-
ate colony count.

Application of Centor scores showed similar findings (Table
5). Of the 38 patients with scores of 2 or 3, 20 were RADT positive
and an additional 8 were culture positive, resulting in 28 children
who would have received empirical therapy. The illumigene GAS
assay identified 37/38 as positive. Among patients with Centor
scores of 0 and 1, the illumigene GAS assay identified 21/21; RADT
identified 7/21 and culture 14/21 as positive, likely representing
carrier status.

Additionally, we evaluated clinical data for culture- and
RADT-negative specimens that were defined as true-negative or
true-positive cases based on confirmatory PCR data alone. Among
the 10 cases defined as true negative on the basis of PCR and
illumigene GAS assay results, two children had McIsaac scores of 4
or 5, five had Mclsaac scores of 2 or 3, and three had Mclsaac
scores of 1. Conversely, among the 13 true-positive cases, six pa-
tients had scores of 4 or 5, four had scores of 2 or 3, and two had
scores of 1. For the remaining patient, clinical data could not be
retrieved. Thus, the cases defined as true positive were more likely
to have high Mclsaac scores than the true-negative cases.

DISCUSSION

The diagnosis of GAS pharyngitis continues to be a challenge, and
clinical findings are notoriously nondiscriminative and unreli-
able. GAS is the most prevalent cause of bacterial pharyngitis,
accounting for 5 to 15% of pharyngitis cases in adults and 20 to

TABLE 5 GAS-positive cases according to diagnostic method and Centor score”

No. (%) with Centor score of:

Test result 0(n==6) 1(n=15) 2 (n=25) =3 (n = 23) Total no. pb

Culture positive 2 (33) 12 (80) 16 (64) 16 (70) 46 0.24
RADT positive 2(33) 5(33) 12 (48) 11 (48) 30 0.75
illumigene assay, all positive 6 (100) 15 (100) 25 (100) 22 (96) 68 0.47
Confirmed true positive 5(83) 13 (87) 22 (88) 20 (87) 60 0.98
Confirmed false positive 1(17) 2 (13) 3(12) 2(9) 8 0.80

“n=69.
b Fisher’s exact test for 2 X r tables.
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30% in children (1, 19-22). In the United States, approximately
7.3 million outpatient visits are attributed to children with acute
pharyngitis, and the overall societal cost of GAS pharyngitis ranges
from $224 million to $539 million per year (23). Therefore, more
accurate identification of GAS pharyngitis is of interest, particu-
larly for children, among whom both carrier rates and incidence
rates of GAS pharyngitis are higher (1, 3, 24, 25) and pathogens
associated with clinically indistinguishable symptom complexes
are common (26, 27).

Current diagnostic methods are unable to distinguish whether
the presence of GAS reflects carriage or a cause of pharyngitis (28,
29). However, up to 20 to 37% of pediatric pharyngitis cases have
been found to be culture positive for GAS (1, 3, 25). In our cohort,
physician-led decisions to collect throat swabs were made, and the
patients would be presumed to have been symptomatic. However,
review of the clinical notes revealed that a significant proportion
of patients had low clinical scores, presenting with symptoms con-
sistent with viral illness. Testing might not have been warranted,
as the risk of GAS pharyngitis in these cases is about 4% (4). Our
study is the first to evaluate the feasibility of using a molecular
assay for the diagnosis of GAS pharyngitis by correlating results
with clinical presentations.

Detection and identification of GAS from pharyngeal swabs
represent the current gold standard for the microbiological diag-
nosis of GAS pharyngitis, with reported sensitivities between 90
and 95% (10, 11). Optimal sampling of the posterior pharynx is
imperative but is difficult in young children, and culture sensitiv-
ity can be as low as 20% with suboptimal sampling techniques
(10). Discrepancies seen between culture and illumigene GAS as-
say results in this study are unlikely to be due to sampling variabil-
ity, as the same pediatric nurse collected the two swabs from each
patient simultaneously. The 3 samples that were initially reported
as beta-hemolytic colonies on BAPs were confirmed to be latex
agglutination negative and PYR negative upon retesting. These 3
isolates were correctly identified as GAS negative by both the
RADT and the illumigene GAS assay. Three other samples were
culture negative and both RADT and illumigene GAS assay posi-
tive. In 2 cases, there was documentation of prior exposure to
amoxicillin; in the third case, no information on antibiotic expo-
sure prior to testing could be retrieved. These 3 cases were consid-
ered true-positive cases, as RADT has been reported to be highly
specific and, according to current guidelines, confirmation is not
required (3, 30). However, the fact that the results for these sam-
ples were not confirmed with the alternate PCR assay can be con-
sidered a limitation.

RADT has a significantly shorter turnaround time than culture
and therefore is an attractive diagnostic option, especially in out-
patient settings. While highly specific, RADT results showed con-
cordance with positive culture results in only 55.2% of cases.
Other studies similarly demonstrated low sensitivity of RADTs,
compared to culture (31-33). The illumigene GAS assay detected
13 additional true-positive cases, in comparison with RADT
and/or culture, with sensitivity and specificity of 98.6% and
96.5%, respectively. Ten false-positive illumigene GAS assay re-
sults were confirmed by PCR and may be attributed to poor spec-
imen condition, since remnant samples after culture setup, illu-
migene testing, and a freeze-thaw cycle were used for PCR
confirmation. Therefore, the specificity of the illumigene GAS as-
say may be even higher than reported here.

Recent studies investigating the performance characteristics of
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the illumigene GAS assay for the diagnosis of GAS throat infec-
tions yielded similar results. A recent study comparing the perfor-
mance of the illumigene GAS assay with that of standard cultures,
using remnant throat swab samples from a cohort not restricted to
pediatric patients, yielded 100% sensitivity and 94% specificity,
with a false-positive rate of 5% (14). However, clinical presenta-
tions and indications for testing were not analyzed. Similarly, an-
other group reported a sensitivity of 100% and a specificity of
95.9% for the illumigene GAS assay, in comparison with culture
(34). Both studies incorporated laboratory-developed RT-PCR
assays that were shown to be highly sensitive and specific (14, 34).

Depending on age and season, between 5 and 20% of asymp-
tomatic children test positive for GAS (22, 35). Therefore, an ar-
gument against the higher number of positive results detected by
molecular tests involves asymptomatic carriers. To determine
whether the new positive cases exhibited signs and symptoms of
GAS pharyngitis, clinical scores were determined for all positive
patients. It was apparent that, while some guidelines exist for cli-
nicians in the ED to determine whether screening for GAS phar-
yngitis would be valuable in guiding further management, these
are not always adhered to, resulting in a number of patients being
included in the study whose positive test results likely represent
carrier status. Despite the fact that there was no correlation be-
tween RADT, culture, or molecular assay results and clinical
scores, a finding consistent with other studies (6, 25), 16/20 pa-
tients with new positive results with the illumigene GAS assay had
Mclsaac scores of =2, and 7 patients with scores of 4 presented
with clinical signs and symptoms of GAS pharyngitis. Of note,
only patients for whom the clinical decision was made to obtain
throat swab specimens were included in this study; therefore, we
cannot fully assess the impact of asymptomatic carrier status by
molecular methods. We can confirm that all patients who were
culture negative for GAS were also negative for group C and group
G streptococci and Arcanobacterium spp. Conversely, the presence
of alternative bacterial or viral agents causing the symptoms in
patients with higher scores but negative microbiological diagnos-
tic findings cannot be excluded.

Our study illustrates that, regardless of the diagnostic method
utilized, appropriate clinical assessment must be employed to
avoid detection of GAS carriers. Following the ACP/AAFP ap-
proach, 8/69 patients had Mclsaac scores of only 1; of the remain-
ing 61 patients eligible for testing, 45/61 patients (74%) would
have received treatment based on positive RADT and/or culture
results. If diagnostic testing with the illumigene GAS assay alone
had been used to guide treatment, 60/61 patients (99%) with
MclIsaac scores of =2 would have been identified as positive. Of
these, 7/61 cases were false-positive by PCR confirmation. There-
fore, while the illumigene GAS assay is a highly sensitive assay, it is
important to highlight that the use of any GAS diagnostic test
requires adherence to clinical guidelines detailing the indications
for testing. Nonadherence to these guidelines would contribute to
the concerning increase in antibiotic use driven by positive test
results, rather than a combination of clinical acumen and diagnos-
tic tests.

The illumigene GAS assay is a rapid molecular assay with high
sensitivity and specificity and is demonstrated to be far superior to
a RADT and culture for the detection of GAS in pharyngeal spec-
imens. In addition, medical chart analysis of the illumigene GAS
assay-positive, RADT- and/or culture-negative patients revealed
possible true-positive cases of GAS pharyngitis, rather than
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asymptomatic colonization, in a number of patients. Therefore,
the illumigene GAS assay proves to be a useful diagnostic tool for
GAS pharyngitis when testing is appropriately limited to patients
presenting with suggestive clinical symptoms in the absence of
cough and coryza.
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